Table of Contents

1. INTRODUCTION 1-1
L1, OVEIVIBW ...ttt ettt ettt et e bt e bt e bt e bt e beesbe e s b e e nbeennnenes 1-1

1.2, NeW THERM FEAIUIES......cueiiuiiiiiiiiie ettt st 1-2

1.2.1. New General FEAUrES ........covi i 1-2

1.2.2. New Drawing FEAIUINES ...........oiuiiiiiiieteeiee ettt 1-2

1.2.3. New Calculation FEaIUIES. .......cceoiieiieriiesiee et 1-2

1.3, THERM COMPONENTS .....ooiiiiiiiiiiiie ettt 1-3

1.3.1. The THERM Graphic User INterface.........ccovcvvrierienienieeeeeeee e 1-3

1.3.2. Heat-Transfer ANBIYSIS.......ooouiiiiiiieiieieeee et 1-3

1.3.3. RESUITS .ttt 1-4

2. INSTALLATION 2-1
2.1, COMPULEr REQUITEIMENTS......ueiitiiiiieiiie ittt ssnesnessnesnneenneens 2-1

2.2, InSaAliNG the PrOgram.......cooeiiiiiie it 2-1

3. QUICK START 3-1
3.1. Draw Cross Section and Select MaleialS.........oovrviiiiieiiienieieeeee e 31

3.2, DraWiNg FEALUMNES.......ccuieitieitie ittt sttt ettt st b e sb e sb e b sbeesbeesae e 32

3.3 MEETAIS et nae e e 34

34, INSEt GlaZINg SYSIEM ... 35

3.5. AddING @ CUSIOM SPACES .......eeiiiireeeeeieer ettt ettt rr e sr e b b e b e e sreesbeesreenreenreens 3-6

3.6. Specify Boundary COoNQitiONS..........cueieeiiiiiiiiinec e 3-8

3.7. Run Simulation and View RESUILS ..........ooiiiiiiiiiie e 39

3.8. THERM’s Advancesin MOAEliNg........ccueeueeiieiieiieiesiee e 3-10

3.9. Toolbar Reference Table........ooueiiieiieeeee e 311

3.10. OtheEr SNOMCULS. ......eeteeitieiieertee sttt e e bt r e eaneenn e neeanes 312

4. GETTING STARTED 4-1
4.1, TREIMAEIN SCIEEN....cotiitieitie sttt sttt ettt e bbb e sb e e sb e e sbeesbeesbeesbeesbeesreen 4-1

4.1.1. Cursor FEedDACK Bar ...........cooeiiiiiiiiiiiii it 4-2

4.2 IMAIN IVIBNU . ...ttt b e bttt b e bt e sb e e sb e e sb e e sb e e sb e e sbeesbeesbeesbeesreenreen 4-3

4.2 1. PUl-OOWN LISES...eiitiiitiiiiieitie ittt 4-4

4.2.2. THERM FlE5......oiiiiiiee e e 4-4

5. DRAWING CROSS-SECTION GEOMETRY 5-1
5.1. Overview of Drawing & Cross SECHION ........coiviirieeiieiieseese ettt 51

5.2. Importing a DXF or Bitmap Fileasan Underlay............cccoeiiiiiiiiiiieieeee e 51

5.2.1. Sdlect Underlay from the File MenU..........cccoviiiiiii e 5-2

5.2.2. Slect DXF Or Bitmap File .....cooviiiiiiiii s 5-2

5.2.3. DXF FIECONVEISION .....ooiiiiiiiiiiiiiieie sttt 5-6

5.3, DraWiNg FEALUMNES. ... ..ccuiiitieitie ittt sttt sttt sb e b sbe e s be e sbeenae e 5-7

5.3. 1. SCKY DISANCE ......eiiiiiiiiieitieieee ettt 5-7

5.3.2. Drawing PrefEreNCeS .......couviiiiiiieirieeie ettt 57

5.3.3. SNAD SEINGS......eeeueeeitieie et 5-8

5.3, ZOOIM ..ottt bbb bbb 5-10

5.35. VOidsSand OVErlaps........cccoeeiieiiiiieiieree ettt 5-11

THERM 2.0 JUNE 1998 i



Table of Contents

5.3.6. Other Drawing FEALUMES..........coiviiiiiiiiie e 5-12
5.4. Drawing USING @MOUSE........cccueiiiiriiiitiiiiee sttt 5-13
5.4.1. Suggestionsfor Drawing CrosS SECLIONS..........covereereereenienieesie e 5-15
5.5. Drawing Using the Keyboard (Numeric Cursor POSITIONING) .......cooeereerveenieneenienieens 5-17
5.6. EditiNG POIYGONS.......coiiiiiiiiiiiiiiiiee ittt 5-18
5.6.1. SAectingaPOlYgON .....cccoiiiiiiiiiiie e 5-18
5.6.2. MOVINGAPOIYION .....vooiiiiiieiieiie e 5-20
5.6.3. DEEiNg aPOIYgON .....coiiiiieiieiie et 5-21
5.6.4. MOVINGAPOINT......coiiiiiiiieiiere e 5-21
5.6.5. MOVINGALINE.....cciiiiiiiiiieeee e 5-22
5.6.6. AdAING @ POINT .......eoiiiiiiiiieiieree e 5-23
5.6.7. DEEiNG @POINL.......cccoiiiiiiiiie e 5-24
5.7, FlIPANU ROALE ..ottt 5-24
ST A8 T T o U PTRUSRR 5-25
I A = (o) - (USSP 5-26
RS A 1| Y ' T o RS 5-27
5.9. INSerting @ GlaziNg SYSEEM........coiiiiiiiiiiie et 5-29
5.9.1. Inserting a WINDOW4 Glazing SYSteM.......ccceeveeiieeiieiie e 5-29
5.9.2. Condensation INAEX.........coeeieeiieieeiiee e 5-34
5.9.3. If the WINDOW4 Glazing System Doesn’t.Fit...........cccovvvvvvinnnnnnnn. 5:37
5.9.4. Inserting Multiple WINDOW4 Glazing Systems..............uuvuveieneennn. 5-37
5.9.5. Information about the Glazing System .............ccocoeeiiiiiiiiiiiiiiiiinnnn. 5:31....
5.10. Assigning Materials After Drawing POIYJONS...........uuuiiiiiiiiiiiiiiiiiiiieeeeeen 9:38
5.10.1. Use the Material pull-down list to the right of the toolbar:............. 5-38..
5.10.2. Access the Properties for Selected Polygon(s) dialog box:........... 5-39.....
5.10.3. SOolid MALErIAlS .....ceeriiiiiiiiiiii et 5:40....
5.10.4. Frame CAVItIES .....cceuuuuuiiiiiiieeeeeieeee et 5-40.....
5.11. Defining NeW MaterialS .........couuuiiiiiiiiiiie et 5:41....
5.11.1. Solid Materials TYPE....couuuurriiiiiie et 5:43....
5.11.2. Frame CaVilY......ccuuuuuuiiiieieeeeeieeeeei e 5:44....
5.11.3. Glazing CAVILY ....cevvruiiiiiiieeeeeeeeeeee e 5-46....
5.11.4. External Radiation ENCIOSUIES ...........ccoviiiiiiiiiiniineeeeieeeeeiiiiis 5-46....
5.11.5. Making Custom Material Libraries ...........cccccvvmiiiiiiiiiiiniine e 5-49...
5.12. Creating a Component LIDrary .........cooouuiumiiiiiniiiieeeeeeeeeeeiii e 5:5Q.....
5.13. Importing a FRAMB F30% File........ocooiiieeeeeeeeeeeeeeeeee e 5:5Q
6. DEFINING BOUNDARY CONDITIONS 6-1
6.1. Overview of Boundary CONItIONS ..........uuuuuuiiiiiieeeciiiiiiiii e 6-1
6.2. Assigning Boundary Condition Definitions............coovvieiiiiiiiiiiiiiii e 6-1
6.2.1. Generate Boundary CONAitiONS ...........euuuuuiiiiiiieeiiiiiiiiiiiie e 6-1
6.2.2. Automatic Check of Geometry Definition.............coovvuuiiiiiniiieeiiiiiiiiiin, 6-2
6.2.3. Reassign Boundary ConditioNS ............ouuuiiiiiiiiniiiiiiiiiiiii e 6-3
6.2.4. Define U-factor SUrface TagS ... ...uuui et 6-6
6.3. Error Detection in THERM ......cooiiiiiiiiiiii et e e e e eeeees 6-8
6.3.1. Finding and Fixing Bad POINTS............coiiiiiiiiiiiii e 6-9
6.3.2. Finding Voids and OVErIaps .........ccouviiiiiiiiiiiiie e 6:12....
6.4. Defining New Boundary ConditionS...........cccoeiuiiiiiiiiiiiieeeeeiceeiiie e 6-12....
6.5. Special Boundary Condition CASES..........coeeeiiiiiiiiiiiiiiiiaee e 6-15......
6.5.1. Frame Cavities with Detailed Radiation Model ..............ccccceeeeeeeeee. 6-15...
6.5.2. External Radiation ENCIOSUIES ..........cccoviiiiiiiiiiiiniieeeeecceeeeiiii 6-17.....
7. CALCULATING RESULTS 7-1
7.1. Overview of THERM Calculation Methods.............oooviiiiiiiiiiiiiieeeeeeeee 7-1
7.2, CalCUIALIONS .....eeiiiiiiiiiie e e et e e e e e e e e 1.

JUNE 1998 THERM 2.0



Table of Contents

7.2 1. CaACUIBLION MENU ...t 7-1

7.2.2. Caculating Resultsfor aTHERM fil€......cccoiiiiiiiiiiiiiieeeeeec e 7-3

7.2.3. CaACUlalion OPLIONS. .....cueiieeiieieeieeieesie ettt 7-4

7.3. Feedback and Troubleshooting During the Calculation Process...........ccovvevereeneenienn 7-7

SR T . €= 107 1 1] oo B TP PROUPRPRO 7-8

7.3.2. REAAING GEOMELIY......coiueiitiiitiiiiie ittt 7-9

7.3.3. IMEINING ..ttt bbb bbb bbb e sbenas 7-9

7.3.4. GENEEING INPUL ..ottt 7-9

7.3.5. SIMUIBLING. ..ccuteeteetiet e 7-9

7.3.6. View Factors (OPtional) ...........eeoeeieereeiierieesiiesee e e 7-9

7.3.7. SMUlAing (OPLIONA ) .......eeeiieiieiiiiie e 7-10

7.3.8. Preparing INput (OPLIONEAL).......cooviiiieieeieeie et 7-10

7.3.9. Error EStimator (Optional)........cccveveiiieneenienieeieeie e 7-10

T4, VIAWING TNETESUITS ......eiiiiiiieee et 7-10

TAL U-TBCLOIS. ..ttt et e 7-11

7.4.2. MIN/MaX TEMPEIBIUNE........eeiueiieieeiie ettt ne b e 7-14

7.4.3. TempPEraturE at CUMSO .......ceeiiieeiieeeie ettt 7-14

7.4.4. Average Temperature with Tape Measure.........ccccocveevienieneeseeneeneene 7-15

745, GraphiC RESUILS......coiiiiiiiieiee e 7-17

7.4.6. FNite-Element Mesh ..o 7-18

TAT. 1SOtNEMIS ...t sbe bbb 7-19

TA.8. FHUX VECLOIS......eiiiiiiieie ettt ettt ettt ettt et e bbb e 7-20

7.4.9. ColOr INFrared .....ccveeiie i 7-21

7.4.10. Color FIUX Magnitude ...........coviiiiiiiiieiieieeee e 7-22

A N = = o o USRS 7-23

7.4.12. EXPOrt tO WINDOW. .....ocuiiiiiiiteeiesie sttt see e 7-26

8. TUTORIAL 8-1
8.1 TUOrial OrganiZation.........eeieeiieeiieeiiee ettt st sr et sb e b b e saeesbeesaeesnee 81

8.2, SAT THERM ..ottt bttt et e e bt s a et e b b saeeneas 8-2

8.3. Draw the Frame Cross-Section GEOMELIY ........cc.eeivieirierieriiesieesieesieesiee et 8-3

8.3.1. Import Underlay with AUtOCONVEIT ON.....cceeivieiiiiiieieseeseese e 8-3

8.3.2. Tracing aDXF UNAErlay ........ccoeeiiiiiiiiiiiereee s 8-7

8.3.3. Using aDimensioned DIraWing ........ccceeoverreereeiieeineeeeereese e esneeneenneens 8-13

8.4. Import a Glazing System from WINDOW 4..........cooiiiiiiiinienienieesee e 8-21

8.5. Define Boundary CONAItiONS. .........coviieiiiiriiiiinie ettt 8-31

8.6. RUN aNd VIiew the RESUITS.......c..eiiiiiiiieeee e 8-34

9. REFERENCES 9-1
10. ACKNOWLEDGEMENTS 10-1
Appendix A: Glossary of Terms A-1
Appendix B: Error Messages B-1
Appendix C: Theoretical Background C-1
Index -1
THERM 2.0 JUNE 1998 iii



